Introduction 31
The Atlantic region exhibits distinct interannual to multidecadal variability (Deser and Black- 
86
The purpose of this paper is twofold: To disentangle the contributions from ocean circulation 87 and air-sea exchange in the propagation of ocean heat anomalies from the North Atlantic toward 88 the Arctic, and to assess the potentially predictable relation between anomalous ocean heat and 89 climate in the northern seas region. To this end, a 500-year control simulation with the Bergen
90
Climate Model is used (Otterå et al. 2009 ). The model analysis is aided by historical sea surface 91 temperatures (HadISST; Rayner et al. 2003 ).
92
The model and the observations are introduced in section 2. In section 3 we evaluate the model The initial conditions for the pre-industrial control simulation are obtained from the end of a 500-120 6 year spin-up integration (detailed in Otterå et al. 2009 ), after which the model is run for 600 years.
121
Here we use the last 500 years of the simulation. 
where T is temperature, ρ w is density of seawater, and c p is the specific heat capacity of seawater.
125
The heat content is calculated between the free surface η and the full depth of the ocean, D, using of the contribution from the N principal components:
where x denotes spatial position and t is time. The asterisk denotes complex conjugation. The 146 elements of the CPC time series can furthermore be written in the form of an amplitude a n and a 147 phase φ n ; P n (t) = a n (t)e iφ n (t) . captures the bifurcation at the western boundary of the Barents Sea (Fig. 1b) , with a heat transport 
180
The observed and simulated winter sea ice extent is shown in Figure 1 . pre-industrial external forcing, and therefore does not include recent sea ice decline in the Arctic.
185
The simulated minimum and maximum winter sea ice edge is furthermore in agreement with the 186 9 observed minimum and maximum (Smedsrud et al. 2013 The time evolution of ocean heat anomalies along the defined path is shown in Figure 3a . Prop- salinity anomalies of 0.05, warm conditions being accompanied by higher salinities (Fig. 3a) , i.e., St1-6 corresponds the average depth of the winter mixed layer (Fig. 4) . Noting that the depth of a a phase propagation that is rather constant in time (Fig. 3d ). This yields a period of 16 years.
248
The circulation from St1 to St11 constitutes just over half a cycle which, with a travel distance of (Fig. 5a ). The 14-year time scale is also clearly identifiable for salinity (Fig. 5b ). All scale will, however, not be addressed here and the reader is referred to e.g., Frankcombe et al.
267
(2010) and references therein for a discussion on mechanisms for multidecadal variability in the
268
North Atlantic. 
Heat budget for the Norwegian Atlantic Current

270
To assess the relative roles of ocean advection and air-sea fluxes in driving ocean heat anomalies,
271
and how anomalous ocean heat might imprint on the atmosphere, the depth-integrated heat budget 
where H t is the heat content tendency, v is the cross-sectional velocity into the control volume used 284 to calculate the heat transport convergence (Q adv ), q is the net ocean-atmosphere heat flux (the sum are based on the full 500-year time series), calculated as previously described in relation to Eq. (1).
291
The heat content rate of change is strongly associated with ocean heat transport convergence, both 
307
Heat anomalies in the Norwegian Sea (Fig. 6) , rooted in the ocean, are furthermore found to force and meridional extent of the Atlantic domain, and hence sea ice extent (Fig. 10b) , respectively. The 361 air temperature response is, on the other hand, pronounced over large parts of the northern seas.
362
The magnitude of the atmospheric response to ocean heat anomalies varies from >0.5 • C in the 363 marginal ice zone to 0.1-0.3 • C in the southern Norwegian Sea (Fig. 10c) , values being similar to 364 temperature anomalies in the ocean (Fig. 4) . There is also a significant atmospheric response over 
368
Understanding the interaction between the ocean and the atmosphere is a prerequisite for un- 
385
In support of decadal ice-ocean interaction in the Barents Sea, the modeled winter (December- 
394
Identifying a time scale associated with northward propagating ocean heat anomalies from the 395 subpolar North Atlantic toward the Arctic ( Fig. 5; Fig. 9b ) and their consequent interaction with 396 the atmosphere ( Fig. 9a; Fig. 10 ) is essential in terms of potential climate prediction. A recent supported by observed SST fluctuations in the Norwegian Sea (Fig. 5c ). what extent these anomalies imprint on the atmosphere.
417
Ocean heat anomalies are found to propagate from the eastern subpolar North Atlantic, into,
418
and along the rim of the Nordic Seas with a speed of 2 cm s −1 (Fig. 3) . The characteristic time 419 scale of variability is 14 years, which is also that of observed sea surface temperature variability 420 in the Norwegian Sea during the last century (Fig. 5) content are found to be caused mainly by anomalous ocean heat transport convergence (Fig. 6 ).
424
Variations in ocean heat convergence largely originate in the inflow from the Atlantic proper, and 425 a temporal decomposition of the Atlantic heat transport shows that volume transport anomalies 426 dominate (Fig. 8) . Simulated ocean heat anomalies in the northern seas are thus driven mainly by 
